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Infections caused by anaerobic bacteria

 Seldom exogenous (gas gangrene, tetanus, botulism)

 Mixed infections involving aerobic and anaerobic
bacteria are endogenous (post surgical intraabdominal, pelvic, oral
infections, etc.)

 Members of the normal flora are involved
 Monobacterial anaerobic infections also occur

(Bacteroides, Fusobacterium, etc. sepsis)

 Anaerobic bacteria can cause infection in all organs or
tissues (brain abscess, endocarditis, endophtalmitis, prostatitis, etc.)

 C. difficile infection (CDI) (most important nosocomial enteric
disease to day)
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Key points to be successful in isolation of
anaerobes

Clinicians

Laboratories

- Take sample if you think on anaerobic infection
- Avoid contamination with the normal flora
- Send it to the laboratory in an anaerobic

environment (anaerobic transport systems)

Clinicians

Laboratories

- Process the sample as soon as possible
- Use special media
- Use proper anaerobic environment for incubation
- Identification and resistance determination may be

time consuming

- Take sample if you think on anaerobic infection
- Avoid contamination with the normal flora
- Send it to the laboratory in an anaerobic

environment (anaerobic transport systems)



Proper anaerobic environment is the
prerequisite for isolation of anaerobic

pathogens

Anaerobic chamber
Gaspack system

Anaerobic plastic-bag system



Identification of anaerobic bacteria
 Essential changes in taxonomy during the past 20 years
 Classical methods are time consuming
 Automated systems

 Limitations due to the narrow data base
 Limitations due to the insufficient inoculum

 New method, MALDI-TOF MS,
based on the ribosomal protein analysis
of anaerobic bacteria

B. fragilis (Remel)
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Nagy E. et al: Species identification of clinical isolates of
Bacteroides by MALDI-TOF MS. CMI  15: 796-802 (2009)



Antibiotic resistance determination
 Disc-diffusion method is not recommended
 MIC determination by the E test method for patient based testing

 MIC determination by agar-dilution (supplemented Brucella/Columbia
blood agar) for resistance surveillances (gold standard for anaerobes)

 MIC determination by automated systems or micro-titer plates
problems with standardisation

 Disc-diffusion method is not recommended
 MIC determination by the E test method for patient based testing

 MIC determination by agar-dilution (supplemented Brucella/Columbia
blood agar) for resistance surveillances (gold standard for anaerobes)

 MIC determination by automated systems or micro-titer plates
problems with standardisation

Bacteroides fragilis
metronidazole MIC: 0.5 mg/l



Breakpoints (mg/L) for anaerobic bacteria

Antibiotics EUCAST CLSI
Ampicillin <0.5/>2 <0.5/>2

Amoxi/clav <4/>8 <4/>16

Pip/tazo <8/>16 <32/>128

Cefoxitin IE* <16/>64Cefoxitin IE* <16/>64

Imipenem <2/>8 <4/>16

Meropenem <2/>8 <4/>16

Clindamycin <4/>4 <2/>8

Metronidazole <4/>4 <8/>32

Moxifloxacin IE* <2/>8

Tigecycline IE* <4/>16

* Insufficient evidence www.eucast.org; www.CLSI.org.



Early data that support the concept that
resistance of anaerobic bacteria  influences

outcome of mixed infection

 Animal models of mixed infections (different
publications of Gorbach, Onderdonk and Bartlett years of 1970-
1980)

 Treatment of post partum endometritis (Martens
MG et al.: J. Reproduct Med (1993)

 Prospective observational study  of Bacteroides
bacteremia (Nguyen  MH, et al Clin Infect Dis 2000; 30:
870-876)

 Animal models of mixed infections (different
publications of Gorbach, Onderdonk and Bartlett years of 1970-
1980)

 Treatment of post partum endometritis (Martens
MG et al.: J. Reproduct Med (1993)

 Prospective observational study  of Bacteroides
bacteremia (Nguyen  MH, et al Clin Infect Dis 2000; 30:
870-876)



Therapeutic failures in mixed infections
due to inadequate anaerobic coverage

(animal models)

 Penetrating abdominal trauma
Cephalothin/gentamycin  (21% failure) vs.
Clindamycin/gentamycin   (2% failure)

 Similar rates of failure with cefamandole  and
cefotaxime

 Similar data for perforated or gangrenous appendicitis

 Penetrating abdominal trauma
Cephalothin/gentamycin  (21% failure) vs.
Clindamycin/gentamycin   (2% failure)

 Similar rates of failure with cefamandole  and
cefotaxime

 Similar data for perforated or gangrenous appendicitis

Publications from the 1960s and 1970s



Post partum endometritis

 Prospective study of post partum endometritis

 7 of 8 patients had Prevotella bivia or Prevotella
disiens together with typical mixed anaerobic flora

 Poor response to penicillin or cephalothin

 Good response with prompt institution of clindamycin

 Both P. bivia and P. disiens produce beta-lactamases

 Prospective study of post partum endometritis

 7 of 8 patients had Prevotella bivia or Prevotella
disiens together with typical mixed anaerobic flora

 Poor response to penicillin or cephalothin

 Good response with prompt institution of clindamycin

 Both P. bivia and P. disiens produce beta-lactamases

Martens MG et al.: J. Reproduct Med (1993)



Multicenter, prospective, observational study
of Bacteroides bacteremia

 Study design:
 3 university hospitals in the US, during 3 years
 Blind clinical analysis and 30 day follow-up

 128 patients with Bacteroides bacteremia were included
 94 mono-microbial and able to be evaluated
 Mortality rate at 30 days: 20%
 Mortality rate was much higher (45%), if the isolate was

resistant to the  antibiotic used for therapy, compared to those
(16%) who received therapy with active agent  (P = 0.04)
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resistant to the  antibiotic used for therapy, compared to those
(16%) who received therapy with active agent  (P = 0.04)

Nguyen  MH, et al Clin Infect Dis 2000; 30: 870-876



 Data which show increasing resistance
to anti-anaerobic drugs among anaerobic
bacteria
 Bacteroides

 Prevotella

 Prophyromonas

 GPAC, Finegoldia magna
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Resistance rates of Bacteroides strains in
three Europe-wide studies (ESGARAB)

Antibiotics Resistance
breakpoints

CLSI (mg/L)

Resistance (%) in
1980-81 1990-91 2002.2004
No.: 1289 No.: 1284 No.: 824

Ampicillin > 2 93 99.3 99.2

High-level resistance > 64 16 27 44.5

Amoxicillin/clavulanic acid > 16 1 - 10.4Amoxicillin/clavulanic acid > 16 1 - 10.4

Piperacillin/tazobactam > 128 - < 1 3.1

Cefoxitin > 64 3 6 17.2

Imipenem > 16 0 < 1 1.2

reduced susceptibility > 4 0.3 1.6 2.7

Clindamycin > 8 9 15 32.4

Moxifloxacin > 8 - 9 13.6

Metronidazole > 32 0 < 1 < 1

reduced susceptibility > 4 0.1 3.3 2.7

Tigecycline > 16 - - 1.7



 10 European countries, sent in strains which had >4 mg/L
MIC for imipenem (reduced susceptibility) (22 strains)

 Most of the isolates were obtained from
 abscesses/wounds (11)
 intraabdominal samples (4)
 blood (3)

 14 were resistant to >3 other drugs
 All were susceptible to tigecycline
 Piperacillin/tazobactam resistance was

 low according to CLSI (1 isolate)
 high  according to EUCAST (12 isolates)
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In vitro activities of antimicrobials against Bacteroides
strains with reduced susceptibilities to imipenem

(MIC> 4 mg/L)

Drug Breakpoints
(S/R) *

MIC range
mg/L

MIC50
mg/L

MIC90
mg/L

%S %I %R %R of all
strains

Ampicillin <0.5/>2 1->256 64 >256 0 4.6 95.4 98.2Ampicillin <0.5/>2 1->256 64 >256 0 4.6 95.4 98.2

Amox/clav <4/>8 0.5->256 8 64 45.5 9.1 43.4 10.4

Pip/tazo <8/>16 0.125->256 32 64 36.4 4.5 59.1 10.3

Cefoxitin <16/>64 4->256 64 >256 13.6 27.3 59.1 17.2

Imipenem <2/>8 4- >32 4 >32 0 68.2 31.8 0.8

Clindamycin <4/>4 <0.125->256 1 64 68.2 0 31.8 32.4

Metronidazole <4/>4 <0.125-16 1 2 95.5 0 4.5 0.5

Moxifloxacin <2/>8 <0.125->32 0.25 16 72.8 9.1 18.1 13.6

Tigecycline <4/>16 <0.125-2 0.25 2 100 0 0 1.7

* Breakpoints are defined by EUCAST where available; cefoxitin, moxifloxacin and tigecycline
breakpoints defined by CLSI.



 Molecular investigation of  imipenem resistance genes

Number of
Bacteroides with
MIC >4 mg/L to

imipenem

Number of cfiA-
positive strains

Number of strains
with metallo-

beta-lactamase
production

IS elements found
and sequenced

 Molecular investigation of  imipenem resistance genes

Number of
Bacteroides with
MIC >4 mg/L to

imipenem

Number of strains
with metallo-

beta-lactamase
production

22 11
(all B. fragilis)

5
(MICs: >16)

IS614, IS1187,
IS641-like,

IS4351

Data from the literature:

overall imipenem resistance  among Bacteroides strains: ~1%

overall cfiA positivity: 5-8%



The presence of the cfiA gene and carbapenem
resistance is much more frequent in some
countries

 Wybo I. et al. (JCM 2011), data from Belgium:
 24 of 248 isolates (9.7%) were meropenem-resistant (MIC>16 mg/L)
 and 41 (16.5%) harboured the cfiA gene

 Ulger N. et al. (Anaerobe in press), data from Turkey:
 5 of 66 Bacteroides (7.5%) strains were resistant to meropenem
 18 (27%) harboured the cfiA gene
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 Strains with reduced susceptibilities to metronidazole  were
found in 6 European countries during the 3rd European study

 10 isolates with reduced susceptibilities to metronidazole
exhibited resistance to >2 other antibiotics

 1 isolate was resistant to metronidazole and imipenem

 This strain harboured the cfiA and nimE genes. Two other strains
carried the nimA and nimC genes

Metronidazol
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Metronidazole resistance  may be much more
frequent

Metronidazole resistance among clinical isolates belonging in the
Bacteroides fragilis group: time to be concerned?

J.S. Brazier et al.: JAC (1999)

Percentage of resistant strains sent
to the reference lab  in UK (MIC >16 mg/L)

1995 1.9%
1997 3.8%
1998 7.5%

Metronidazole resistance among clinical isolates belonging in the
Bacteroides fragilis group: time to be concerned?

J.S. Brazier et al.: JAC (1999)

Percentage of resistant strains sent
to the reference lab  in UK (MIC >16 mg/L)

1995 1.9%
1997 3.8%
1998 7.5%

Metronidazole resistance breakpoint:
CLSI : >32/mg/L
EUCAST: >4mg/L



Tigecyclin resistance in Bacteroides strains

- Different studies:   0-8% tigecyclin resistance among Bacteroides
- 3rd European study: 1.7%  resistance
- In a recent study 35 Bacteroides strains were involved to look for

resistance genes
- Strains with elevated MICs for tigecyclin harboured the tetX1 gene

significantly more frequently

- Different studies:   0-8% tigecyclin resistance among Bacteroides
- 3rd European study: 1.7%  resistance
- In a recent study 35 Bacteroides strains were involved to look for

resistance genes
- Strains with elevated MICs for tigecyclin harboured the tetX1 gene

significantly more frequently

Bartha et al:  IJAA 38 522-525 (2011)



Antibiotics

Breakpoints
(mg/L)

EUCAST(CLSI) Altogether n=824 B. fragilis n=585

Other
Bacteroides

n=239

Ampicillin <2 0.75 0.7 0.8

Amoxi/clav <4 89.6 91.8 86.2

Pip/tazo <8 89.5 93.3 82.4

Differences in susceptibilities between B. fragilis and
non-fragilis strains to antibiotics (3rd European study)

Pip/tazo <8 89.5 93.3 82.4

Cefoxitin IE (<16) 82.7 86.3 74.7

Imipenem <2 99.15 98.8 100.0

Metronidazole <4 99.5 99.5 99.6

Tigecycline IE (<4) 98.3 98.3 98.4

Moxifloxacin IE (<2) 86.4 86.8 86.5

Clindamycin <4 67.5 71.5 59.0



Countries Clinda Cefoxitin Moxiflox

North EU, n=183
(Sweden, Finland)

81.4% 73.9% 70.1%

Susceptibilities of Bacteroides strains isolated in
different regions (3rd European study)

North EU, n=183
(Sweden, Finland)

Central-East EU, n=448
(Czech-R., Hungary,
Germany, France, The
Netherlands, Belgium)

76.4% 83.5% 86.3%

South EU, n=193
(Croatia, Greece,
Turkey, Spain, Italy)

37.6% 90.67% 92.4%



Resistance trends in Bacteroides fragilis group
isolates in different parts of the world (data collected
from several publications)

Nagy  E.: Drugs (2010)



Resistance data for Prevotella spp
 Alauzet  et al.: Future Microbiology 2010
 Data from 13 studies, 2541 isolates (66-532 strains/study), from 15 countries

*Nagy et al. Scand. J. Infect Dis. 2009

Antibiotics Percentage of resistance
β-Lactamase production 13-84

Amoxicillin/clavulanic acid 0-6.8 (Kuwait)

Piperacillin/tazobactam 0

 Alauzet  et al.: Future Microbiology 2010
 Data from 13 studies, 2541 isolates (66-532 strains/study), from 15 countries

*Nagy et al. Scand. J. Infect Dis. 2009

Piperacillin/tazobactam 0

Carbapenems 0-1.3  (Kuwait)

Clindamycin 0-31 (Greece)

Tetracycline 10-16.5 (Spain)

Moxifloxacin 16-38 (Greece)

Metronidazole 0-10.8 (France)

Tigecyclin 0*



King A et al.: Antimicrobial susceptibility of non-Bacteroides fragilis group
anaerobic Gram-negative bacilli in Europe (CMI 1999)

 Method: agar dilution
 488 Prevotella strains belonging in 13 species
 20 antibiotics were tested
 No differences according to species

Antibiotics Susceptibility breakpoints
(mg/L)

MIC90
(mg/L)

Susceptibility breakpoints
(mg/L)

MIC90
(mg/L)

Penicillin <0.5 16
Piperacillin <32 16
Pip/tazo <32/4 0.25
Amoxi/clav <4/2 0.5
Clindamycin <2 0.016
Imipenem <4 0.125
Metronidazole <8 1

100% active

41-68% resistance in
different species



Jamal W. et al.: Surveillance and trends of antimicrobial resistance among
clinical isolates of anaerobes in Kuwait hospitals from 2002 to 2007
(Anaerobe 2010)

 Method: E test
 532 Prevotella strains (3 species P. oralis , P. intermedia/nigrescens, P. bivia)
 Resistance to

Penicillin 85%
Piperacillin 38%
Piperacillin/tazobactam 0% (CLSI breakpoint)
Amoxicillin/clav. acid         6.4%
Clindamycin 27.4%
Imipenem 0%  (5/193 P. oralis resistant to meropenem)
Metronidazole 0%

 No differences according to species

 Method: E test
 532 Prevotella strains (3 species P. oralis , P. intermedia/nigrescens, P. bivia)
 Resistance to

Penicillin 85%
Piperacillin 38%
Piperacillin/tazobactam 0% (CLSI breakpoint)
Amoxicillin/clav. acid         6.4%
Clindamycin 27.4%
Imipenem 0%  (5/193 P. oralis resistant to meropenem)
Metronidazole 0%

 No differences according to species



Non-susceptible



Metronidazole resistance among Prevotella
strains

 Metronidazol MIC between 4->32mg/L
 P. oralis nimC
 P. oralis and P. buccalis nimE

(Karsandri et al.: JAC 2006)

 P. baroniae a new gene nimI
(Alauzet et al.: AAC 2010)

 Metronidazol MIC between 4->32mg/L
 P. oralis nimC
 P. oralis and P. buccalis nimE

(Karsandri et al.: JAC 2006)

 P. baroniae a new gene nimI
(Alauzet et al.: AAC 2010)



Resistance data for Porphyromonas spp

 Resistance to penicillin is low (5-15%) which is due to cfxA-
encoded β–lactamase (King et al.: 1999; Handal et al: 2005)

 Uniformly susceptible to β–lactam/ β–lactamase inhibitors,
carbapenems, chloramphenicol and metronidazole (King et al.:
1999; Kulik  et al.: 2008)

 However, metronidazole resistance was found in 21% of 51 P.
gingivalis (Ardila  et al.: 2010)

 Clindamycin resistance: 0-35% (ermF and ermG) (Aldridge et
al.:2001, Koeth  et al.: 2004)

 Tetracycline resistance: 0-28% (tetQ) (van Winkelhoff et al.: 2005,
Areze et al.: 2000; Roberts  2005)

 Resistance to penicillin is low (5-15%) which is due to cfxA-
encoded β–lactamase (King et al.: 1999; Handal et al: 2005)

 Uniformly susceptible to β–lactam/ β–lactamase inhibitors,
carbapenems, chloramphenicol and metronidazole (King et al.:
1999; Kulik  et al.: 2008)

 However, metronidazole resistance was found in 21% of 51 P.
gingivalis (Ardila  et al.: 2010)

 Clindamycin resistance: 0-35% (ermF and ermG) (Aldridge et
al.:2001, Koeth  et al.: 2004)

 Tetracycline resistance: 0-28% (tetQ) (van Winkelhoff et al.: 2005,
Areze et al.: 2000; Roberts  2005)



Resistance of Gram-positive anaerobic cocci
(GPAC)

 Recent changes in taxonomy
 Earlier: Peptococcus (now:1 species), Peptostreptococcus (now:2 species)
 New genera: Anaerococcus, Finegoldia, Gallicola, Murdochiella,

Parvimonas, Peptoniphilus

 Resistance data are scanty and mixed up for different genera
 GPAC demonstrate variable resistance

 Penicillins:  4-14%
 Clindamycin:   4-20%
 Tetracyclin:  5-25%
 Metronidazole:  0-10%
 Fluoroquinolon:  14-27%
 Fully susceptible to beta-lactam/beta-lactamase inhibitor, cefoxitin,

carbapenems, chloramphenicol

 Recent changes in taxonomy
 Earlier: Peptococcus (now:1 species), Peptostreptococcus (now:2 species)
 New genera: Anaerococcus, Finegoldia, Gallicola, Murdochiella,

Parvimonas, Peptoniphilus

 Resistance data are scanty and mixed up for different genera
 GPAC demonstrate variable resistance

 Penicillins:  4-14%
 Clindamycin:   4-20%
 Tetracyclin:  5-25%
 Metronidazole:  0-10%
 Fluoroquinolon:  14-27%
 Fully susceptible to beta-lactam/beta-lactamase inhibitor, cefoxitin,

carbapenems, chloramphenicol

Brazier et al.: IJAA 2008;  Wybo et al.: JAC 2007; Koeth et al.: JAC 2004



Resistance of Gram-positive anaerobic cocci
(GPAC)

 Finegoldia magna (Peptostreptococcus magnus)
Most frequenty isolated GPAC in human infections

(periodontal diseases, skin infections, abscesses)

 Virulence factors: collagenase; binding to human serum albumin;
Ig-binding protein; degradation of fibronectin; bacterial aggregation

 High MIC90 values were measured for levofloxacin,
moxifloxacin, clindamycin, linezolid, chloramphenicol, and
doxycycline in the case of clinical isolates of F. magna

 Finegoldia magna (Peptostreptococcus magnus)
Most frequenty isolated GPAC in human infections

(periodontal diseases, skin infections, abscesses)

 Virulence factors: collagenase; binding to human serum albumin;
Ig-binding protein; degradation of fibronectin; bacterial aggregation

 High MIC90 values were measured for levofloxacin,
moxifloxacin, clindamycin, linezolid, chloramphenicol, and
doxycycline in the case of clinical isolates of F. magna

Veloo et al: AAC, 2011



Anaerobic sepsis due to B. fragilis resistant to
multiple agents

 48 year old woman with severe pancreatitis post ERCP for
removal of gallstones

 Prophylaxis with cefuroxime and metronidazole which was
continued for 3 weeks

 Retroperitoneal collection was developing imipenem
 B. fragilis was grown from blood and abscess
 Therapy changed to piperacillin/tazobactam, amikacin,

metronidazole
 Resistance to multiple agents (see next slide)
 Persistence of infection with isolation of B. fragilis
 Linezolid used and persistence ceased
 Complications with fungemia and ischemic bowel led to death
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continued for 3 weeks

 Retroperitoneal collection was developing imipenem
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Wareham DW, et al. Clin Infect Dis 2005; 40: 67-8



A multi-resistant B. fragilis

Agent MIC (mg/L)
Amox/clav >256
Clindamycin >256
Erythromycin >256
Tetracyclin >256
Cefoxitin >256
Imipenem >32
Meropenem >256
Metronidazole >256
Chloramphenicol 3.0
Linezolid 1.0

Agent MIC (mg/L)
Amox/clav >256
Clindamycin >256
Erythromycin >256
Tetracyclin >256
Cefoxitin >256
Imipenem >32
Meropenem >256
Metronidazole >256
Chloramphenicol 3.0
Linezolid 1.0

Wareham DW, et al.: Clin Infect Dis 2005; 40: 67-8



Bacteremic patient with a carbapenem
resistant Bacteroides fragilis

 61 year old male with atherosclerosis, peripheral
vascular disease and bilateral foot infections requiring
amputation, infection persisted

 Therapy with meropenem
 From blood culture recovery of a B. fragilis resistant

to carbapenems

 61 year old male with atherosclerosis, peripheral
vascular disease and bilateral foot infections requiring
amputation, infection persisted

 Therapy with meropenem
 From blood culture recovery of a B. fragilis resistant

to carbapenems

Walsh TR, et al. Scand J Infect Dis 2005; 37: 676-9



Treatment of anaerobic infections

 Empiric usage of anti-anaerobic drugs will continue

 Surgical intervention should be carried out, if needed

 Healthcare personal should be aware that multiresistant
Bacteroides sp isolates are still very rare, but do exist in clinical
settings and may complicate empiric treatment

 In sever infection involving anaerobes, isolation and antibiotic
resistance determination should be carried out, to be able to
change therapy if necessary.
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